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BACKGROUND OF PROGRAM 
In developing a water resources atlas for the State of Utah, 
numerous stream flow records were analyzed to determine their flow 
characteristics. The objective was to present the results in a format 
which is well adapted for use by water resource planners in prelhninary 
designs to obtain optimum benefits from the water resources. The 
program 'described in this booklet was written to determine the probable 
amounts of storage required in order to meet specified levels of sustained 
demand for water. The method used not only gives information concerning 
amounts of storage but also information concerning the probable amounts 
of excessive flows that might be used for this storage, both of which are 
a function of the period of carryover and the recurrence interval have 
been referred to hereafter as a frequency mass curve analysis. The 
procedures and techniques used are described later. In addition to the 
frequency mass curve analysis the program also determines the probable 
variation of the streamflow for each month of the year and the annual flow. 
By examining the amounts for the twelve months at any probability level 
the variation of streamflow throughout the year is obtained. The se 
probable variations, or frequency analyses, are obtained by fitting the 
data to any or all of the following four distribution functions: 1. Normal, 
2. Ranking in order of decreasing magnitude, 3. Gamma. and 4. Log-
normaL 
The analyses leading to the frequency mass curves generates a 
new sequence of data whose distribution is obtained in the program 
discussed herein by ranking the data from largest to smallest. The 
necessary parameters are computed to fit the data to a normal 
distribution, and with relatively minor modifications any other 
distribution, such as a gamma or log-normal may be used to fit this 
data. The subsequent analyses leading to the storage requirements 
would be unaltered. 
This booklet is one of a series which contains FORTRAN programs 
written for specific purposes at the Utah Water Research Laboratory, 
which are considered of general enough use by other individuals or 
agencies to justify a brief description and listing of the program with a 
sample of the output. 
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FREQUENCY ANALYSES OF MONTHLY AND ANNUAL FLOWS 
The probability analyses which determine the amount of runoff in 
ac-ft and inches over the watershed at up to II different levels of 
probability is separate from the frequency mas s curve analysis which 
is the major function performed by this program. Consequently, the 
probability analyses need not be performed on the data. Control to 
suppress these analyses is provided through an input parameter on a 
data card. Furthermore, through additional input data parameters 
the above mentioned runoff values might be determined by fitting the 
data to a normal, a gamma, a log-normal distribution and/or the 
actual ranked distribution. 
The procedures used to fit the data to any of these four models 
are standard and can be found in most books dealing with the subject of 
applied statistics, and are not described herein. In the event a normal, 
gamma, or log-normal distribution analysis is called for, the principal 
parameters of that distribution are also printed in addition to the actual 
runoff amounts at the specified probability levels (see output page 34). 
For both the normal and log-normal distributions, the coefficient of 
skewne s s is computed and printed giving an index to how well the 
distribution fits the data. By as signing proper value s to a control 
parameter the density functions for the gamma distribution will also 
be printed. 
3 
FREQUENCY MASS CURVE ANALYSES 
The usual mass-curve or Rippl diagram analysis has the draw-
back that the storage requirements obtained are not directly associated 
with a probable level of occurrence or the length of the per iod of carry 
over. One might assume that if the record covers a twenty-five year 
period the largest amount of storage resulting from the analysis would 
have a twenty-five year recurrence interval. From the principles of 
probability, however, there is a 40 percent chance that the 25 year 
record may contain an event with a 50 year recurrence interval and a 
22 percent chance that a lOO year event is included. Furthermore, the 
length between the time the reservoir is full and empty, as determined 
from the mass curve is difficult to relate to a probable period of 
carryover. 
In order to overcome these limitations associated with the usual 
mass-curve analysis, frequency methods have been applied to the average 
runoff over periods equal to and longer than one year. The program IS 
designed to permit the length of these periods to be specified by an 
input data card, and as presently dimensioned may include 10 separate 
periods. Periods of 12, 18, 24, 30, 36,48, 72, and 96 months have been 
used for much of the data analyzed by the program. After obtaining all 
possible averages from the record of sequences of monthly data (running 
means) covering the specified period, the program determines the 
distributions of these running means. This distribution is obtained by 
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where misth@ rank'o! Hie e.,\l'.~nti: an:(l Nd is the total number of 
these running means, i. e. N = 12N - N + 1 in which N is the number d p 
of years of record, N is the length of the period in months. In p 
addition, the program computes and prints the mean and standard 
deviation, the necessary parameters to fit a normal distribution to these 
running means. However since the running means do not generally fit 
a normal distribution well, the distribution obtained from ranking has 
been used for subsequent computations. 
An estimate of the recurrence interval is obtained by assuming 
that the recurrence interval between two years and the total years of 
record is linearly related to the probability level, p. between the 50 
percent and the 100 percent or the 50 percent and the 0 percenL 
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50 
and for below normal events the recurrence interval is computed by 
r p 
(p-50) (Nd -2) 
= 2 +------50 
(2) 
(3 ) 
An attempt at eliminating the dependency of these events selected 
only independent events to form the frequency sequence. This was 
5 
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accomplished by eliminating all events on both sides of the highest event 
that contained any of the same monthly data, and then selecting the next 
highest event in the remaining data. By continuing this process until no 
events remained the probability of the independent sequence was obtained 
by 
m (4) p =: 
The same procedure was followed to obtain low flow independent events. 
A subroutine in the present program can be called through a control 
parameter to determine these independent sequences. For most of the 
stations in Utah the available records are too short to obtain enough of 
these independent events to establish reliable levels of probability for 
longer periods and therefore these probabilities are not used in the 
subsequent computations. By minor changes to the program, however, 
these independent probabilities might be used in the subsequent 
computations s if desired for long stream gaging records. 
Through a control parameter all of the newly created events are 
printed along with the events ranked in order of decreasing magnitude. 
Generally, however, this requires a great deal of output and consequently 
would be suppressed. By interpolating between the probabilities of this 
sequence, the amounts of runoff at the specified levels of probability 
are obtained, and printed. With the present dimensions of the program 
11 different levels of probability can be specified. Page 41 of the 
sample output data gives these values of runoff in units of ac-ft/month 
and inches/month over the watershed for both the specified periods and 
the levels of probability. 
By plotting the accumulated volume of runoff, which is obtained 
by multiplying the last output mentioned by the period, against'the period 
for each of the probability levels a serie s of frequency mas s curves 
result. On linear graph paper such a plot for Hardscrabble Creek near 
Porterville at the 98 percent probability level is shown in figure 1. On 
a log-log plot this data for many streams tends more toward a straight 
or a slightly curved line, and consequently the model 
Accum. Vol. (5 ) 
has been used to fit the data of the frequency mass curves, in which a, 
b, and c are coefficients which are determined by least squares 
regression methods such that the sum of squared deviations of 
Log(accum. vol.) are minimized, t is the time period and e is the 
base of natural logarithms. Through a control parameter the value of 
c might be specified as zero. Because of the seasonal variation in flow, 
this latter least square s fit is obtained by using only that data for periods 
which are some multiple of whole years. 
The value of the derivative at any period of the accumulated 
frequency mass curve represents the flow which might be expected at 
the end of that period. For small probability level (or periods of above 
normal flow) this flowrate would be the smallest amount for the specified 
period and a certain amount of water in excess of that quantity which 
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Figure 1. Frequency mass curve for Hardscrabble Creek near 
Porterville (10-1350) at the 98 percent probability 
level or 23. 1 year recurrence internaL 
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is needed for a sustained discharge at the computed rate might be 
considered available for storage. This quantity available for storage 
is denoted by a negative quantity in the printed output (see page 42), 
On the otherhand for large probability levels (or periods of below normal 
flow), the values of these derivatives will represent larger £lowrates 
than for shorter periods, and consequently water must be withdrawn 
from storage if a continuous demand at the computed rate is to be ITleL 
The amount of this storage is printed as a positive quantity (see output 
pages 43, 44 and 45). 
By visualizing straight lines with a slope equal to rates of constant 
demand superimposed on the frequency mass - curve (figure I) the amounts 
of needed storage for any period of carryover at any of the specified 
levels of probability can be obtained as the difference between the 
straight line ord inates and that of the frequency mas s curve, These 
storage amounts are computed in the program for whole year s through 
the longest period specified for the level equal or greater than N/2 + 2 
where NI is the number of probability levels specified. This latter 
data is computed and printed for a number of d iiferent demand levels 
(as specified in the input control data) expressed as a percentage of the 
mean annual runoff. (See output page 45). By plotting this data as 
shown on figure 2 at any specified probability level one can obtain a 
relation between the storage which might be expected as a function of 
the period of carryover and the level of demand. By combining the 
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Figure 2. Relation between storage requirements. rate of 
demand and year s of carryover for Hardscrabble 
ere ek near Porterville at the 98 percent 
probability level on 23. 1 year recurrence interval. 
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figure 3. a useful relation can be obtained relating storage arrlOunts to 
period of carryover, levels of probability (or recurrence-interval) and 
the level of demand. 
The same general type s of relations might be developed from the 
data at the low levels of probability (high flows) to determine how and 
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INPUT DATA ED BY PROGRAM 
The data cards read by the prograrrl consist of several control 
cards plus data cards containing the rrlonthly values (and possibly annual) 
of strearrlflow for those year s of record. SOrrle of the headings in the 
output tables aSSUrrle that these data are on the water year basis. The 
proper order of these control cards containing the pararrleters used for 
the sarrlple output for Hardscrabble er near Porterville is given in 
figure 4. A 12 punched in colUrrlns 4 and 5 of the first control card 
indicates that the annual runoff values are to be cOrrlputed by sUrrlrrling 
the twelve rrlonthly values for each year. If the annual data are also 
contained on the data cards a 13 should be punched in thes e colurrlns. 
The second control card contains the FORMA T of the punched data. 
The third data card contains the nUrrlber of periods (less than or equal 
to 10) which are to be used in the frequency rrlass curve analyses, and 
the length of each of these periods in rrlonths (each with a field width of 
5, with the nuinbers right justified). The fourth control card specifies 
the nUrrlber of probability levels (less than or equal to 11) used in the 
frequency rrlas s curve analysis and the value of these probability levels 
in percent. The decirrlal points should be punched in the colurrlns 
indicated on figure 4. The fifth control card contains the nUrrlber (less 
than or equal to 10) of rates of continuous derrland for which the storage 
requirerrlents should be cOrrlputed. The sixth control card specifie s the 
nUrrlber of levels and the percentage values to be used in the frequency 
13 
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Figure 4. Sam.ple of input control cards. 
I .. ..!. 
analyses of the ITlOnthly and annual data. The next group of control 
cards contains the values from a t-table distribution. The number of 
these cards equals the truncated number obtained by dividing the last 
mentioned number of probability levels by two, Each of these cards in 
consecutive order contains the t-values of the specified probability 
levels working from the extremes toward the 50 percent level for 5, 
10, 15, 20, 25, 30 and 60 degrees of freedom respectively. These 
control cards are read in once for each access to the computer. The 
two remaining control cards must precede the data for each station being 
processed during the same access to the computer, The first of these 
last cards contains the name of the stream gaging station. The last 










Number of the basin 
Number of the station 
Last two digits of beginning year of record 
Last two digits of ending year of record 
Area of the watershed in square miles 
A 1 or 0, if ° the independent frequency analysis 
is suppressed 
A 1 or 0, if ° the monthly and annual frequency 
analyses are suppressed 
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A 1 or 0, if 0 the Log-normal frequency analysis 
of the monthly and annual data is suppressed 
A 1 or 0, if 0 the frequency analysis obtained by 
ranking the monthly and annual data is suppre ssed 
A 1 or 0, if 0 the normal frequency analysis of 
the monthly and annual data is suppres sed 
A 1 or 0, if 0 the listing of the running averages is 
suppressed--In addition the ranked values will not be 
printed with the associated probability level of occurrence 
A 1 or 0, if 0 the storage amounts are not computed 
and printed 
A 1 or 2, if 1 the coefficient in equation 5 is 
ass igned zero 
A 0, 1, or 2, if 0 the gamma frequency analysis of 
the monthly and annual data is suppressed. If 1 the 


















LIST OF VARIABLE NAMES USED IN PROGRAM 
Array used to store the name of the streamgaging 
station 
Two dimensional array used to store the distribution 
table of t-values 
Array to store specified values of probability 
levels for monthly and annual frequency analyses 
Two dimensional array used to store values of 
monthly and annual runoff 
Array used to store maximum value of average 
for specified periods 
Array used to store minimum value of average 
for specified periods 
Array used to store length of specified periods (in 
months) 
Beginning year of record 
Ending year of record 
Area of watershed (sq. mi.) 
Station numbe r 
Number of averages obtained from monthly data 
Number of periods of NPER 
Basin number 
Array used to store computed averages 
Array used to rank SUMA 
Array to store specified values of probability for 

















Two dimensional array used to store computed 
values of runoff at specified probability levels and 
for given periods (Used for convenience in output 
and units are in ac-ft/month) 
Two dimensional array used to store equivalent 
value s of A FPM in units of inche s /month 
Number of probability levels PBL 
Factor to convert ac-ft to inches over watershed 
Array used to fit least squared equation to 
frequenc y rna s s curve 
Array equal to the square of X 
A rra y used to fit least squared equation to frequency 
mass curve 
Array used to store derivatives of frequency mass 
curves 
Array to store computed values of storage or excess 
The truncated value of the number of probability 
levels divided by two (NFREQ/2) 
Parameter which suppresses a listing of original 
data if set equal to zero 
Parameter which suppresses the Log-normal 
frequency analysis of monthly and annual runoff 
value s if set equal to zero 
Parameter which suppre s se s the ranked frequency 
distribution of monthly and annual runoff if set 
equal to zero 
Parameter which if set equal to zero suppresses 
printing of average values for specified periods--
Also suppre s ses printing of the se computed events 
in ranked order 












Nurn.ber of separate dern.and rates for which 
corn.putations are to be rn.ade 
Array for storing dern.and rates as percent of the 
rn.ean annual rate 
Nurn.ber of specified probability levels which are to 
be used in frequency analyses of rn.onthly and annual 
data 
Pararn.eter which suppresses the garn.rn.a distribution 
analysis of rn.onthly and annual data if set equal to 
zero. If set equal to two the density functions at 
given value s of the abscis sa are printed 
Array used to store forrn.at of rn.onthly data 
Pararn.eter to be assigned 12 if only rn.onthly data 
are given and 13 if annual runoff data are also 
included in input data 
Pararn.eter which suppresses the deterrn.ination of 
the independent frequency analysis of period averages 
if set equal to zero 
Pararn.eter which suppresses the frequency analyses 
of rn.onthly and annual runoff data if set equal to zero. 
Original data will also not be listed 
Pararn.eter which sets c in equation 5 equal to 
zero if assigned a value equal to 1. If set equal to 
2 the value of c is found by regression analysis 
Other variables are used in the prograrn. for defining interrn.ediate 
values used in subsequent corn.putations. The definitions of the se 
variables is given by the statern.ents in which they first appear. 
19 
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LISTING OF SOURCE PROGRAM 
'IN FOR STORF 
REAL NAME(12),T(5,7),PFREQ(11) 
COMMON RM(67,13),SUML(10),SUMS(10),NPER(10),NYRB,NYRE,APEA,NSTA,NI 















DO 31 I=l,NPH 
31 REAO(5,127) (T(I,J),J=1,7) 
127 FORMAT(7F10.5) 




IF(NBASIN oEQo 99) GO TO g9 
IF(NBASIN .EQ. 89) GO TO 747 
f\JI=NYRC -NYRB+ 1 
NI12=12*NI 
DO 1 I=l,NI 
READ(S,FMT) NUB,(RM(I,J),J=1,N12) 
IF(NUB oNEo NSTA) GO TO 998 
1 CONTINUE 
IF(N12 oEQe 13) GO TO 62 
DO 63 I=l,Nl 
RMM=OoO 




IF(NPDIST oGTo 0) CALL PROBDS 
IF(NPDIST oGTo 0 .ANOo NORMAL .GTo 0) GO TO 44 
Y(12)=OoO 
DO 45 I=l,NI 
45 Y(12)=Y(12)+RM(I,13) 
Y(12)=Y(12)/FLOAT(NI)*FAC 












IF(IE oE0. 0) GO TO 4 
DO 3 I=l,IE 
DO 3 J=1r 12 
3 SUM=SUM+RM(I,J) 

















11 IF(SUM .GT. 5UMMAX) SUMMAX=SUM 
IFCSUM .LTa SUMMIN) SUMMIN=SUM 




IFCINDP .GT. 0) CALL INDPRO(NP,NCOUNT) 
2 CONTINUE 
WRITE(6,144) (NAMECI),I=1,12J 
144 FORMATCIH1,31HSUMMARY OF RESULTS FOR STATION ,12A6) 
WRITE{6,110) NBASIN,NSTA,NYRB,NYRE,AREA 
21 
110 FORMATC1HO,12HSTATION NO. ,I2,lH-,I4,18H, PERIOD OF RECORD,I5,lH-, 
$I4v7H, AREA=,F8.2,8H SQ. MI.) 
liJR I TE C 6,111 ) 
111 FORMATCB5~IOHIGHEST MEAN MONTHLY RUNOFF,IN AC-FT, FOR THE FOLLOWIN 
~G NUMRER OF CONSECUTIVE MONTHS) 
WRITE{6,112) (NPERCI),I=1,NPERID) 
112 FORMATC1H ,5HMONTH,I8,9Il1) 
WRITE(6,113) (SUML(I),I=1,NPERID) 
113 FORMAT(SH MAXo,10F11.2) 
WRITE(6,114) CSUMS(I),I=l,NPERID) 
114 FORMAT(5H MIN.,lOF11.2) 




115 FORMAT(87HO HIGHEST MEAN MONTHLY YIELD,IN INCHES, FOR THE FOLLOWI 
,NG NUMBER OF CONSECUTIVE MONTHS ) 
WRITE(6,112) (NPER(I),I=l,NPERIO) 
WRITE(6,116) (SUML(I),I=l,NPERID) 
116 FORMAT(SH MAXo,lOFll.4) 
WRITE(6,117) (SUMS(I),I=l,NPERID) 
117 FORf";AT(5H MIN .. r10Fl1.4) 
WRITE(6,222) 
222 FORMAT(lHO,61H AC-FT/MO. AND YIELD IN INCHES/MO. FOR INDICATED PRO 
<t8. LEVELS) 
WRITEC6,123) (PBL(I),I=l,NPBL) 
123 FORMAT(lHO,9HMONTH ,10HPROB LEVEL,F7.2,F8.2,9FIO.2) 
00 33 K=l,NPERID 
WRITE(6,124) NPER(K), ( AFPM(I,K),I=l,NPBL) 
124 FORMAT(lH ,I5,lX,10HAC-FT/MO. ,11FI0.2) 
WRITE(6,125) NPER(K),(YINM(I,K),I=l,NPBL) 
125 FORMAT(lH ,I5,10H IN/MO. ,11FI0.4) 
FNP=NPER(K) 
DO 43 I=l,NPBL 
43 YCI)=FNP*~INM(I,K) 
33 WRITE(6,126) NPER(K),(Y(I),I=l,NPBL) 
126 FORMAT(lH ,I5,10H ACC. IN. ,11F10.4) 
IFCNSTORG oEQ. 0) GO TO 10 
WRITE(6,226) NBASIN,NSTA 
22 
226 FORMAT(lHO,1133H STORAGEREGUIREMENTS FOR STATION,I3,lH-,I4) 
CALL STOREG(NDEG) 
GO TO 10 
998 WRITE(6,42S) NSTA 
425 FORMAT(lH1,39HWRONG NUMBER OF DATA CAPOS FOR STATION, IS) 
99 STOP 
END 































101 FORMAT(lHO,1131H FREQUENCY ANALYSIS FOR STATION,I2,lH-,I4,17H FOR 
SA PERIOD OF ,I2,7H MONTHS,11A6) 
IF{KPRT .EQ. 0) GO TO 73 
WRITE(6r102) 
102 FORMAT(lHO,64H AV. RUNOFF RANKED RUNOFF RECUR. 
S PROB.) 
WRITE{6,103) 
103 FORMAT(lH ,66H AC-FT/MO INCHES AC-FT/MO INCHES INTERe 

























5 IFCKPRT.GT.O) WRITEC6,100) I,SUMA(I),FSUM,SUMAl(I),FSUMl,TP,PRB 







121 FORMAT(lH ,3HAV=,FlO.4,5H VAR=,FIO.4,5H STD=,FI0.4,6H SKEW=,FIO.4, 
$27H IN INCHES FOR GIVEN PERIOD> 
















IFCFNII .GTo PBL(I+l) .AND. FNIl*FNI .LT. PBLCII-l» GO TO 84 
99 RETURN 
END 














00 1 I=l,NPERID 







SUM=SU~1+ X ( I I ) 
SUI'v12=SUM2+X2 ( I I) 











DO 2 I=l.dI 
Xl=X(I}-SUM 
















39 IF(P8L(K)-50.Q) 18,19,19 
18 AS(K}=2.0+(SO.O-PBL(K)}*FNI2 
GO TO 20 
19 AS(K)=2aO+(PBL(K)-50.0}*FNI2 
20 WRITE(6,100} PBL(K),A,B,C,AS(K} 
24 
100 FORMAT(lHO,17HEQUATION COEF. AT,F8.2,19H PROBABILITY ARE A=,FIO.6, 
13H U=,FIO.6,3H C=,FIO.6,15H RECURRENCE YR=,F7.1} 
IX=NPER(NPERID)/12 









113 FORMAT(lH ,30X,10FIO.3) 
WRITE(6,105) (!,I=l,IX) 
105 FORMAT(lHO,30HNUMBER OF YEARS IN MEAN IS ,19,9110) 
WRITE(6,101l (DYDX(I),I=l,IX) 
101 FORMAT(lH ,30HRATE OF DISCHARGE IN INCHES/YR,10FI0.3) 
WRITE{6,102) (STORA(I),I=l,IX) 
102 FORMAT(lH ,30HAMOUNT OF STORAGE IN INCHES IS,10FI0.3) 
IF(K oLTo KNPBL) GO TO 6 
00 7 I=l~NMEAN 
CMEAN=PMEAN(I)*Y(12)*.01 
UO 8 J=l,IX 
8 STTR(J)=FLOAT(J)*CMEAN-YII(J) 
WRITf(6pll1) PMEAN(I),CMEAN,(STTR(J),J=l,IX) 
111 FORMAT(lH ,8HPERoMEAN,F6.2,4H IN.,F6.2,6H STOR.,10FI0.3} 
DO 9 J=l,IX 
9 STTR(J)=STTR(J)/FAC 
CMEAN=CMEAN/FAC 
7 WRITE(6,112) CMEAN,(STTR(J),J=l,IX) 
112 FORMAT(lH 914X,FI000,6H AC-FT,10FI0.0) 






104 FORMAT(lH ,20HSTORAGE(AC-FT), ,10X,10FI0.0> 
RETURN 
END 












101 FORMAT(ltIO,36H HIGH INDEPENDENT FLOW SEQUENCES FOR,I5,7H MONTHS, 
$43H PROBABILIty LEVEL, RUNOFF AC-FT,AND INCHES> 















DO 5 I=I,NCOUNT 
DO 6 J=I, II 










IF( II .LTo 10 ) GO TO 8 
76 WRITE(6,100) CPROLBCK),K=l,II} 
100 FORMAT(lH ,10FI2.3) 
WRITE(6,103) CSLARG(K),K=l,II) 
DO 13 K=I,II 
13 SLARGCK)=FAC*SLARGCK) 
WRITE(6,100) (SLARGCK),K=l,II) 




102 FORMAT(IHO,35H LOW INDEPENDENT FLOW SEQUENCES FOR,I5,7H MONTHS,4~H 





00 10 1=1, NCOUNT 
DO 11 J=I,II 






IF(SSMALL .GT. 999998.) GO TO 74 
11=11+1 
17 SLARGCII)=SSMALL 
IF(II .LT. 10 ) GO TO 9 
74 WRITE(6,100) (PROLB(K),K=l,II) 
WRITE(6,103) CSLARG(K),K=l,II) 





'IN FOR P8FK8 
SUBROUTINE PROBOS 














$1.1330272320£-6,-2.056338417 E-7,6.i16095 E-9,5.0020075 E-9, 
$-1.1812746 E-9,1.043427 E-10,7.7823 E-12,-3.6968 [-12,5.1 E-13, 




DO 63 I=1,NN 
DO 63 J=1,13 
63 R(I,J)=RM(I,J) 
COMPUTES THE DATA NEEDED TOP PLOT THE BAR GRAPHS OF MONTHLY RUNOFF 
NYRBM=NYRB-1 
FN=NN 




IF(NN5 .6To 7)NN5=7 
IF(NPRINT .EGo 0) GO TO 2 
WRITE(6,103) NO,NSTA,( NAME(I),I=1,12) 
WRITE(6r104) 
104 FORMAT(1H r129HVEAR OCT. NOV. DEC. JAN. FEB. 
$ MARCH APRIL MAY JUNE JULY AUG. SE 
$PT. ANNUAL) 
DO 3 I=1,NN 
II=NYRBM+I 
3 WRITE(6,102) II,(R(I,J),J=1,13) 
103 FORMAT(1H1,25HORIGINAL DATA FOR STATION,I3,1H-I4,12A6) 
102 FORMAT(1H ,I4,4F9.0,9F10.0) 
2 IF(NORMAL .EG. 0) GO TO 48 
WRITE(6r153) 
153 FORMAT(1H1,30HBASED ON A NORMAL DISTRIBUTION) 
DO 4 J=1,13 
4 AV(J)=O .. O 
DO 1 I=1,NN 
DO 1 J=1,13 
1 AV(J)=AV(J)+R(I,J) 








124 FORMAT(1H ,4HAVE.,4F9.0,9F10.0) 













105 FOR~AT{lH ,4HSTD.,4F9.0,9FIO.O) 
WRITE{6,106) (SKEW(J),J:l,13) 
106 FORMAT(lH ,4HSKEW,4F9.2,9FIO.2) 
WRITE{6,10S) NB,NSTA 
28 
lOB FORMAT(lHO,65HTAbLE OF RllNOFF VALUES AT INDICATEO PRORAGILJTY LEVE 
i,L FOE ST/\TIONd3,lH-dl~) 
1T[(6,109) 
109 FORtvlAT(lH ,12911Pfi08 LEVEL OCT,. nov. DEC. JAN. FFR. 
~ M!\\<CH APfUL fv1J\Y JUNE JULY AUG. SEPT 
~h. ANNUAL) 
IF(NN5 .GT. 0) GO TO 9 
,I'm Ilt: C 6 d07) Ni'0 
107 FORMAT(lH ~r5,56HLESS THAN 5 YEARS OF RECORD SO LEVELS ARE NOT DET 
J,n~rlINED ) 
GO TO 11 
g 00 fl I::.:l,NPH 
FAC::::TCI,r;NS) 
DO 12 J::::1, 1.3 
F/\CO=F AC*STD (J) 
RUNl(J)::::AV(J}+FACD 
12 RUN(J,!)=AV(J)-FACD 
\.,;IUIE(Gr1U) P(I), (RUf'll (J) ,J=1r13l 
DO 23 J=1 d.5 
23 RU~l(J)=CONV*RU~l(J) 
B WRITE(6,112) (RUNICJ),J=1,13) 
112 FORMAT(lH ,4H IN.,4F9.3,9FIO.3) 
111 FORMAT(lH ,F4.1,4FQ.O,9FI0.0) 
WRITE(6,111) P(NPH1),(AV(J),J=1,13) 
00 51 ,J= 1 , 13 
51 RUNl(J}=CONV*AV{J) 
WRITE(t,112) (RU~lCJ},J=1,13) 
DC 13 l=l,NPH 
II=NPH1+I 
WRITE(6,111} P(II},(RUN(J,IM},J=1,13) 
DO 24 J=1,13 
24 RUN(J,IM)=CONV*RUN(J,IM) 
13 WRITE(6,112} (RU~(J,IM),J=1,13) 
48 IFCLRANK .E0. 0) GO TO 47 


















154 FORMAT(lHO, / 31H PROBABILITIES BASED ON RANKING) 
WRITE(6,113) NB,NSTA,(NAME(I),I=1,12) 
29 
113 FORMAT{1HO,35HRANKED VALUES OF RUNOFF FOR STATION,I3,lH-,!4,12A6) 
WRITE(6,109) 
FNP=lOO./(FN+l.O) 
DO 25 I=I,NN 
PLEV(I)=FNP*FLOAT(I) 
25 WRITE(6,142) PLEV{I),{R{I,J),J=1,13) 





DO 26 I=l,NPRB 
PO=P (I) 
27 PLJV=.5*(PLEV(J)+PLEV{J+l» 
IF(PO .LT. PLJV .OR. J .EO. NN1) GO TO 28 
J=J+1 




DO 29 K=I,13 
29 RUN1(K)=RLANGR(PO,Pl,P2,P3,R{J-l,K),R{J,K),R{J+l,K» 
WRITE(6,111) PO,{RUN1(K),K=1,13) 
DO 30 K=1 r13 
30 RUNl(K)=CONV*RUNl(K) 
26 WRITE(6,112) (RUNl{K),K=1,13) 
47 IF(NGAMMA .EG. 0) GO TO 247 
WRITE(6,486) NB,NSTA,(NAME(I),I=1,12) 
486 FORMAT(lHO,/9H STATION ,I2,lH-,I4,16H NAME OF STATION,12A6) 
WRITE (6,421) 
421 FORMAT(lHO,82HRUNOFF IN AC-FT AND INCHES FOR GIVEN PROBABILITY LEV 
$ELS USING A GAMMA DISTRIBUTION) 
WRITE(6,420~ (P(NPRBP-I),I=l,NPRB) 
420 FORMAT(lH ,5HPROb.,FI0.2,4F12.2,6Fl1.2) 
WRITE(6,422) 
422 FORMAT(lH ,5HMONTH) 
DO 400 J=1,13 
IF(LRANK .EO. 0) GO TO 401 
RMINI=R{NN,J) 
RMAXI=R{l,J) 
GO TO 402 
401 RMINI=R(I,,J) 
RMAXI=R C1 ,J) 
DO 403 I=2,NN 
IF(R{I,J) .GT. RMAXI) RMAXI=R{I,J) 
403 IF(R(I,J) .LT. RMINI) RMINI=R(I,J) 
402 IF{NORMAL .GT. 0) GO TO 404 
AV(J)=R(I,J) 
SX2=AV(J)*AV(J) 






GO TO 410 
404 VAR=5TO(J)*STO(J) 
410 fHNIC=Hj\I'INI -~: .. * (J.\V (J) -RMINI ) IFN 





IF(RPAR(J) .GT. 1.0) GO TO 473 
RPAR(J)=1.0 










IF(NRDIF ~EQ. 0) GO TO 407 


















IF(FXR(1,J) .GE. FXR(2,J» PLEV(2)=100.*FXR(1,J)*XR(1,J) 
IF(FXR(1,J) .LT. FXR(2,J» PLEV(2)=66.7*FXR(1,J)*XR(1,J) 
PLEV(3)=50 .. *(FXR(1,J)+FXR(2,J»*(XR(2,J)-XR(1,J»+PLEV(2) 
DO 412 1=3,9 
30 
412 PLEV(I+1)=PLEV(!)+RDIF1*(FXR(I-1,J) +FXR(I,J»-RDIF2*(FXR(I-2,J) 
$+FXR (1+1 ,J) ) 
PLEV(11)=PLEV(10)+50.*RDIF*(FXR(9,J)+FXR(10,J» 
IF(PLEV(11) eLT. 100.0) GO TO 464 
RATIP=99.Q999/PLEV(11) 





727 IF(PLEV(K) .GT. P(II» GO TO 726 






IF(K eLTo 3 .ANDo II .LT. 3) GO TO 727 
726 DO 423 I=11,NPRB 
PO=P (I) 
427 PLJV=.5*(PLEV(K)+PLEV(K+l» 
IF(PO .LT. PLJV .OR. K .EG. 10) GO TO 423 
K=K+l 
XRRP=XR(K-2,J) 





430 FORMAT(1H ,I5,5F12.0,6F11.0) 
DO 424 I=1r NPRB 
424 RUNl(I)=CONV*RUN1(I) 
400 WRITE(6,431) (RUN1CI),I=1,NPRB) 
431 FORMAT(1H ,5X,5F12.3,6Fll.3) 
WRITEC6,433) 
433 FORMAT(1HO,33HPAkAMETERS FOR GAMMA DISTRIBUTION) 
WRITE(6,435) (1,1=1,13) 
435 FORMAT(lH ,5HMONTH,5I9,8I10) 
WRITEC6,434) CAMBA(J),J=1,13) 
434 FORMAT(lH ,5HLAM8A,5F9.4,8F10.4) 
WRITE(6,436) (RPAR(1),I=1,13) 
436 FORMAT(1H ,5H R ,5F9.3,8FI0.3) 
WRITE(6,437) (GAMMA(I),I=1,13) 
437 FORMAT(1H ,5HGAMMA,5F903,8F10.3) 
IF(NGAMMA .EG. 1) GO TO 247 
WRITE(6,438) 
438 FORMAT(1H ,42HDENSITY FUNCTIONS FROM GAMMA DISTRIBUTIONS) 
WRITE(6,44!) 
441 FORMAT(1H ,5HMONTH) 
DO 442 J=1,13 
ivRITE(6,409) J, (XR(I,J) ,1=1,10) 
442 WRITE(6,419) J,(FXRCI,J),I=1,10) 
409 FORMAT(lH ,I5,14H RUNOFF(AC-FT),10Fl1.2) 
419 FORMAT(1H ,I5,14HDENSITY FUNCT.,10Ell.4) 
247 IF(LNOR .EG. 0 .OR. NN5 .EG. 0) GO TO 50 
DO 31 J=1,13 
SUM=O.O 



















115 FORMAT(lHO,72HTHE FOLLOWING IS OBTAINED ASSUMING A LOG-NORMAL DIST 
SRIBUTION FOR STATION,I3,iH-,I4) 
WRITE(6,134) (AV(J),J=1,13) 
134 FORMAT(IH ,4H AVE,4F9.4,9FI0.4) 
WRITE(6,135) (STD(~),~=1'13) 
WRITE(6,136) (SKEW(~},~=1,13) 
135 FORMAT(lH ,4HSTD.,4F9.4,9FI0.4) 
136 FORMAT(IH ,4HSKEW,4F9.5,9FI0.5) 
WRITE(6,10S) NB,NSTA 
WRITE(6d09) 
DO 35 I=l,NPH 
FAC=T(I,NN5} 






DO 37 ~=1 r13 
37 RUNl(~)=CONV*RUN1(~) 
35 WRITE(6,112) (RUN1(~),~=1,13) 











DO 41 ~=1,13 
41 RUN(~,IM)=CONV*RUN(~'IM) 
40 WRITE(6,112} (RUN(~,IM),~=1'13) 
50 RETURN 
END 








'N XQT STORF 
32 
,I di.· j 1 !II 
'" 
SAMPLE OUTPUT 
ORIGINAL DATA FOR STATION 10-1350 (HARDSCRABBLE CREEK NEAR PORTERVILLE) 
YEAR OCT .. NOV. DEC .. JAN. FEB .. MARCH APRIL MI\,Y JUNE JULY AUG .. SEPT .. ANNUAL 
42 510. 4920 432. 369 .. 333. 488 .. 6790. 8610e 5690. 1270. 583 .. 434. 26001" 
43 549. 555 .. 631. 5360 5470 1050. 6840. 56700 4340" 1240. 6390 464. 23061. 
44 570. 513. 445. 3710 3810 533 .. 2740 .. 8050. 4800 .. 11200 546. 430 .. 20499. 
45 432 .. 387" 407. 399. 636. 7570 2140. 737O. 5270. 13700 747. 534. 20449. 
46 574. 489. 389 .. 383 .. 463. 1630. 782O. 70000 3400. 8770 530. 438. 23993. 
47 598. 504 .. 553 .. 400. 387. 1460" 3940. 7830. 2720 .. 9880 584. 441. 20405,. 
48 526. 570 .. 512,. 487 .. 402. 575. 5640. 11220. 383O .. 132O. 626. 3790 26087" 
49 509. 4900 466. 430. 419. 1060. 6810. 11030. 41200 1290. 595" 464. 276.83. 
50 5770 5440 409 .. 430 .. 567. 1350" 5800 .. 11340. 6240. 1700" 739. 549" 30245. 
51 617. 740. 758" 5470 879. 10700 4710. 9200 .. 3170. 1230" 733. 452. 24106" 
52 488. 4500 4910 492 .. 5180 5850 69200 15950. 65000 1520. 813. 582 .. 35309., 
53 494. 470. 492. 6660 474 .. 1030. 4040. 87500 10010", 1800. 7870 532" 29545", 
54 489. 482. 4250 373", 285., 478 .. 2320. 2560. 912. 4860 3060 278. 93940 
55 362. 348. 312", 3070 2940 406 .. 1700 .. 61200 2600" 722. 392. 2850 138480 
56 359. 359. 906. 877. 489 .. 1430. 3870. 6620. 24400 7980 L+42. 337. 189270 
57 407. 443. 443 .. 407. 4960 9560 2790. 9540 .. 7400" 1470 .. 6320 498. 25482. 
58 530. 4960 501. 428. 640. 9040 4240. 12880 .. 34800 936. 534. 382 .. 25951. 
59 478. 4950 460 .. 370. 342. 545. 1510 .. 2940. 16900 543 .. 363. 408. 10144 .. 
60 517 .. 458. 377 .. 3260 322. 1320" 3620. 5310 .. 1700. 595", 350 .. 470 .. 15365. 
61 605. 652. 454" 322. 371. 584 .. 1150. 1920" 805 .. 331 .. 2500 274. 77180 
62 353. 394. 380 .. 289. 816 .. 1090. 5100. 6280 .. 32600 916", 470 .. 376 .. 19724", 
63 423. 386" 350 .. 4070 4750 566. 1480" 5800" 2030. 657. 360. 328. 13260~ 
64 382. 433" 327. 3140 272 .. 3610 1660. 10330. 67000 1640 .. 6650 460 .. 23540. 
65 463 .. 514. 1160. 819 .. 960. 1000. 5600 .. 9280. 6220. 16500 9740 7680 29410. 
VJ 
VJ 
BASED ON A NORMAL DISTRIBUTION 
FOR STATION 10-1350 (HARDSCRABgLE NEAR PORTERVILLE) 
UJ 
~ 


















JULy AUG. SEPT. ANNUAL 
490. 884. 4135. 7983$ 1103. 569. 440. 21673. 
8S. 193'. 185. 374. 2060. 3290. 421. 180. 110. 7136. 
• 99 2.27 1 • " 0 • 0.., 0 • 1. 
TABLE OF RUNOFF VALUES AT INDICATED PRORABILITY LEVEL FOR STATION 10-1350 
PROB LEVEL OCT. NOV. DEC. JAN. FEB. MARCH APRIL MAY JUNE 
1.0 721. 738. 1052. 876. 1016. 1950. 9996. 17345. 10586. 
IN. .481 .492 .702 .585 .678 1.301 6.670' 11.573 7.064 
5.0 660. 670. 906. 762. 876. 1665. 8432. 14847. 8866. 
IN. .441 .447 .604 .508 .584 1.111 5.627 9.907 5.916 
10.0 631. 639. 8360 708. 809. 1530. 7689. 13659$ 8048. 
IN. .421 .426 .558 .472 .540 1.021 5.130 9.114 5.370 
25.0 548. 547. 636. 551. 617. 1142. 5550. 10244. ·5696. 
IN. .365 .365 .424 .368 .412 .762 3.703 6.835 3$800 
50.0 492. 486. 503. 448. 490. 884. 4135. 7983. 4139. 
IN. .328 .324 .336 .299 .327 .5902.759 5.327 2.762 
75.0 437. 425. 371. 344. 363. 627.2719. 5723. 2582. 
IN. .291 .284 ~247 .230 .242 .419 1.814 3.819 1.723 
90.0 353. 333. 171. 188. 172. 239. 581. 2307. 229. 
IN. .236 .223 .114 .126 .114 .159 .387 1.540 .i53 
95.0 324. 302. 101. '134. 105. 10L~. "';163. 1119. -589. 
IN. .216 .201 .067 .089 .070 .069 -.109 .747 -.393 
9~.0263. 234. -45. 20. ~35. -181. "';1727. -1378. "';2309. 
IN. .175 .156 -.030 .013 -.024 -.120 -1.152 -.919 -1.5~1 





















RANKED VALUES OF RUNOFF FOR STATION 10-1350 (HARDSCRABBLE CREEK NEAR PORTERVILLE) 
PROB LEVEL OCT. NOV. DEC. JAN. FEB. MARCH APRIL MAY JUNE J0LY 
4.0' 617. 740. 1160. 877. 960. 1630. 7820. 15950$ 10010. 1800. 
8.0 605. 652.: 906. 819.' 879. 1460. 6920. 12880$ 7400. 1700. 
12.0 598. 570." 758. 666. 816. 1430. 6840. 11340$ 6700. 1650. 
16.0 577. 555. 631. 547. 640. 1350. 6810. 11220. 6500. 1640. 
20.0 574. 544. 553. 536. 636. 1320. 6790. 11030. 6240$ 1520. 
24.0 570. '" 514. - 512~----492-~- --56-,.-' '10-g1J-~S80U-;- -T03-3IT~- --62"2"tf. '1410~--"-
28.0 549. 513. 501. 487. 547. 1070. 5640. 9540. 5690. 1370. 
32.0 530. 504. 492. 4,30. 518. 1060. 5600. 92,8JL." - 5270. 1320. 































































































80 .. 0 
8400 
88.0 









































































































































TABLE OF RUNOFF VALUES AT INDICATED PROBABILITY LEVEL FOR STATION 10-1350 
PROS LEVEL OCTo NOV.. DEC. JAN.. FEB.. MARCH APRIL MAY JUNE 
1.0 629. 8'.~ 1420. 858. 1033. 1849.. 90330 19257. 13221. 
IN. .420 .. 540 .948 .573 .. 689 10234 6 .. 027 120849 8.822 
5.0 614.. 717. 10870 871.. 938.. 15740 75180 150390 9178. 
IN. ..409 o~79 ~725 6581 .626 1 .. 051 56017 10 .. 035 60124 
10.0 603.. 603. 829. 7380 8620 1451. 6874. 119330 69870 
IN. .403 .402 .,553 .493 .. 575 0968 4.587 70962 40662 
2500 5660 51t. 5060 487. 557. 1065. 5682~ 101410 61350 
IN.. .378 .341 .338 0325 8372 0711 3.791 6.767 4.094 
50.0 500. 4900 4490 403. 4730 9420 39860 7970e 3621 .. 
INc .334 ~3al ~299 .269 0315 .628 20660 5.318 2.416 
7500 426. 4380 393. 373. 3470 5490 2209. 58620 2503. 
IN. .284 .292 o26~ ~249 .. 232 ~367 10474 30912 1.670 
90.0 3610 370. 3370 312. 290. 4390 15320 2782. 1217. 
IN. 0241 0247 9225 .208 0194 .293 1Q023 10857 0812 
95~0 355. 349. 315. 295. 276. 370. 1261.. 21040 7690 
IN. 0237 .233 tflO 0197 .184 0247- 0841 1.404 .513 
99.0 3470 350~ 3060 2680 2600 3450 706. 12690 1165. 
IN. .231 .234 0204 .179 0173 .230 .471 0847 .777 













































































































































: iii l I ~ 
W 
0'-
PROBe 99.00 95.00 90.00 75.00 50.00 25.00 10.00 5.00 1.00 
MONTH 
1 342 .. 344. 3'+S. 359. 385. 478. 537. 568. 606. 
.228 0230 .232 .240 .257 .319 .359 .379 .404 
2 337. 341. 34541 360. 384. 478. 554. 602 .. 686. 
.225 .. 227 .230 .240 .. 256 .319 .369 .402 .458 
3 310. 357. 397. 415. 517 .. 7480 2759. 5386. 8322. 
.,207 .238 .265 ~277 .345 .499 1.841 3.594 5.553 
4 284. 313. 339 .. 359 .. 432. 565 .. 837. 1271 .. 18550 
.190 .. 209 .226 .240 .288 .377 .558 .848 1.238 
5 260. 283. 306. 339 • 427. 551" 690. 7780 908 9 
.173 .189 .204 • 226 .285 .368 .461 .519 .606 
6 322,. 340. 364 .. 438 .. 644. 922~ 1193. 1350. 1556. 
.215 .. 227 .243 9292 ,.430 .615 .796 .901 1.038 
7 923. 1014 .. 1132 .. 1515. 2702,. 4247. 56940 6491. 7483. 
.616 .677 .. 755 1 .. 011 1,,803 2.834 3.799 4.331 4.993 
8 1441. 1551. 1698" 22059 25019 7320. 10238 .. 119250 14559. 
.962 10035 1.133 1 .. 472 1.669 4.884 6.832 70957 9.715 
9 552. 653. 7830 1200. 2173. 4237. 6085 .. 7244" 9073. 
.368 .436 .522 .800 1.450 2.827 4.060 4.834 6.054 
10 270. 283. 300 .. 361. 472. 1026. 1348. 1517" 1728. 
.180 .189 .200 .241 .315 .685 .900 10012 1 .. 153 
11 225 .. 231. 239. 266. 293 .. 535,. 691 .. 775. 913. 
.150 • 154 .159 .177 .. 195 .357 .461 .517 .609 
12 261 .. 266. 2720 291. 325. 435. 528. 588 0 695. 
.174 0177 ,.181 .194 .217 .290 .352 .392 .464 
13 6608. b831e 7138,. 8252. 10503. 20612. 26323. 29445. 33700. 
4.409 4.558 4 .. 763 5.506 7.008 13.754 17.564 19.648 22.486 
PARAMETERS FOR GAMMA DISTRIBUTION 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 13 
LAMBA .0232 .0191 .0056 .0076 .0069 .0040 .0008 .0006 .0007 .0047 ·.0107 .0150 .0003 
R 3.499 20859 1.156 1.307 1.638 2.295 2.463 3.985 2.540 3.954 3.683 2.697 4.488 
GAMMA 3.320 1.764 .931 .896 .898 1.163 1.295 5.889 1.367 5.664 4.090 1.541 11.444 
DENSITY FUNCTIONS FROM GAMMA DISTRIBUTIONS 
MONTH 
1 DEN. FUNC. 1 .247-02 
2 DEN. FUNC. .188-01 .423-02 
3 DEN. FUNC. .114~02 .299-02 
---- ------------- ... ~-~-.--
4 DEN. FUNC. .194-02 .397-02 
- --~-~ -~ - ---
5 DEN. FUNC. .274-02 .306-02 
_. ----_ .. 
6 DEN. FUNC. .279-02 .113-02 
7 DEN. FUNC. .568-03 .183-03 
8 DEN. FUNC. ",616-03 
-----.-.---~ 














.563-02 .541-02 • 455-02,!Q~2-02 .255-02 
,,457-02 ,,:.325-02 .209-02 !!?~:02 .716-03 
.122-02 .753-03 .460-03 .28(t-::~~_. ~1?_9-03 
.198-02 .131-02 .852-03 .548-03 























!ill jl l' 
.177-02 .1J 9-0_2_, 
.396-03 .213-03 
• I, () 2_,:,_qL,_.6~15 - 0 4 
.221-03 .139-03 









10 DEN. FUNC. .467-02 .356-03 .809-03 .105-02 .104-02 .876-03 .669-03 .475-03 .319-03 .206-03 
11 DEN. FUNC. .111~01 .120-02 .227-02 .250-02 .214-02 .159-02 .107-02 .. 670-03 .401-03 .231-03 
12 DEN'. FUNC. 







.154-02 .906-03 .511-03 .280-03 ~149-03 
- -------- ---_ .. _---_ ... -
.494-04 .361-04 .241-04 .151-04 .902-05 
THE FOLLOWING IS OBTAINED ASSUMING A LOG-NORMAL DISTRIBUTION FOR 
AVE 6.1873 6.1733 6.1715 6.0633 6.1370 6.6949 8.1834 8.8825 
STD",.1708 .1749 .3072 .2871 .3460 .4450 .5796 .5041 
SKEW-.54672 .339691.424551.12881 ",50303 -.15204 -.48224-1.15700 
STATION 
8 .. 1599 
.6368 
-.71298 
TABLE OF RUNOFF ~ALUESAT INDICATED PROBABILITY LEVEL FOR STATION 10-1350 
PROB 'LEVEL OCT. NOV. DEC. JAN. FEB. MARCH APRIL MAY JUNE 
1.0 791. 789. 1148. 973. 1238. 2867. 18628. 30237. 21407. 
IN. .528 .527 .766, ",649 .826 1.913 12.430 20.176 14.284 
5.0 695. 691. 909. 782. 952. 2045. 11998. 20623. 13203. 
IN. .464 .461 .. 607 .522 .635 1.365 8.006 13.761 8.810 
10.0 653. 649",: 814. 705. 840. 1741. 9733. 17192. 10491. 
IN .. .436 .433 .543 .471 .561 1.162 6.494 11.471 7.000 
25.0 547. 541. 591. 523. 587. 1097. 5332. 10187. 5417. 
IN. .365 .361 .395 .349 .392 .732 3.558 6.797 3.615 
50.0 487. 480. 479. 430. 463. 808. 3581. 7205. 3498. 














































,Il! , .. 
75.0 433. 425. 3.BB.t 353. 365. 595 • 2405. 5096. 2258. 746. 428. 363. w 1~474. 00 
IN. .289 • 284 .259 .235 .243 .397 1.605 3.400 1.507 .498 .286 .242 10.325 
90.0 362. 355. 282. 262. 255. 375. 1318. 3020. 1166. 470. 301. 282. 10267. 
IN. .242 .231 .188 .175 .170 .250 .879 2.015 .778 .313 .201 .1ea 6.P-50 
95.0 341., 333. 252. 236. 225. 320. 1069. 2517. 927. 400. 266. 258. 8902. 
IN. .227 .222 .168 .158 .150 .213 .713 1.oAO .618 .267 .177 .172 5.940 
99.0 299. 292, 200. 190. 173. 228. 688. 1717. 572. 285. 205. 214. 6595. 
IN. .200 .195 .133 .127 .115 .152 .459 1.146 .381 .190 .137 .143 4.400 
FREQUENCY ANALYSIS FOR STATIONI0-1350 FOR A PERIOD OF 12 MONTHS (HARDSCRAPRLE CREEK NEAR PORTERVILLE) 
AV= 1.1914 VAR~ .1483 STD= .3851 SKEW= -.2602 IN INCHES FOR GIVEN PERIOD 
l 
HIGH INDEPENDENT FLOW SEQUENCES FOR 12 MONTHS PROBABILITY LEvtL, RUNOFF AC-FT,AND INCHES 
32:ob 
2993. 2605. 2552. 2526. 2371. 2325. 2275. 
4.000 I 8.000 12.000 [6.00020';000 /24.00Cf-'28.-00D -
2253. 2179. 
1.997 1.738 ,1.703 1.685 1.582 1.551 1.518 1.504 1.454 
Low INDEPENDENT FLOW SEQUENCES FOR 
-'£1.-;0'001 8.000 .000r6.000 
592. 689. 833. 1062. 
.395 .460 .556 .709 
12 MONTHS PR08ABILITY LEVEL,RUNOFF AC-FT, 
20.0 24.000 28.000 32.000 
1382. I 1492. 1534. 1584. 











FREQUENCY ~NA(YSIS FOR STATIONI0-1350 FOR A PERIOD OF 18 MONTHS (HARDSCRABBLE CREEK NEAR PORTERVILLE) 
AV= 1.1875 VAR= ' .1821 STD= .4267 SKEW= .3500 IN INCHES FOR GIVEN PERIOD 
HIGH INDEPENDENT FLOW SEQUENCES FOR 
4. 082 ' 8. 16:'3 I 12. 245 li6 . 327 f 
3438. 3059. 2826. ~ 2714. 
2.294 i 2.0411.885 1.811 
LOW INDEPENDENT FLOW SEQUENCES FOR 
q..082 ~~ ,-:n:~-;245---! 16.327 
553. 635. 6~6. 853. 
.'369 .423 .464 .569 
18 MONTHS PROBABILITY LEVEL, RUNOFF AC-FT,AND I 
20.408 24.490 I 28.571 
2581. ,2426. 2325. 
•• ~, ._ •• -'_ ............. ,_ • .>..J..<-~. 
32.653 36.735 
1716. 1712. 
1.722 1.619,1 1.551 1.145 1.142 
I 
"\-"':,'. 
18 MONTHS PROBAB IL I TY LEVEL, RUNOFF A~_~FT' AN(L INCHES 
24.490 28.571 32.653 36.735 
1288. 1297. 1432. 1505. 






,,,,1. .. ,1.3l1 




dill 11 " 
• .. 
IV= 1.1792 VAR= 01016 STO= 








B. 12 .. 500 
2465 .. 2206 .. 
1 .. 645 1.472 
FLOW SEQUENCES FOR 
80333 12.500 




.. 3187SKEW= -00254 IN INCHES FOR ~IVEN PERIOD 
24 MONTHS prWBAfHL ITY l.EVEL, RUt-JOFF AC-FT, AND INCHES 
16.,667 20.833 25.000 29.167 33 0 333 
21490 20520 1983. 13770 1374. 
1 .. 434 1.369 10323 0919 .917 
24 MONTHS PROBABILITY LEVEL, RUNOFF AC-FT, AND INCHES 
16.667 20.833 25.000 29.167 33.333 
14920 1584. 1723. 1828. 2229 • 
0996 1.057 1.150 1.220 1.487 
REQUENCY ANALYSIS FOR STATIONI0-1350 FOR A PERIOD OF 30 MONT~IS (HARDSCRABBLE CREEK NEAR PORTERVILLE) 
V= 1.1788 VAR= 01113 STD= 03337 SKEW= .,1354 IN INCHES FOR GIVFN PERIOD 
HIGH INDEPENDENT FLOW SEQUENCES FOR 
4.255 8.511 120766 
28850 23760 2233 .. 
10925 1.585 1.490 
LOW lNDEPENOENT FLOW SEGUENCES FOR 
40255 8.511 120766 
842. 8920 1354. 
• 562 .595 .,903 
30 MONTHS PROBABILITY LEVEL, RUNOFF AC-FT,AND INCHES 
17.021 21G277 25.532 290787 34.043 
22330 2120. 16660 15770 1348. 
1.490 10415 1.112 1.052 .899 
30 MONTHS PROBABILITY LEVEL,RUNOFF AC-FT, AND INCHES 
29.787 170021 21.277 25.532 
1457. 16410 1797. 1908 • 
.. 972 1.095 10199 10273 
REQUENCY ANAL¥'~' FOR STATIONI0-!35U FOR A PERIOD OF 36 MONTHS (HARDsCRARRLE CREEK NEAR PORTERVILLE) 









LOW INDEPENDENT FLOW SEQUENCES FOR 
4~348 80696 13~043 
912. 1168. 16130 
.609 0779 10076 
36 MONTHS 
17 .. 391 
1943. 
10297 




36 MONTHS PROBABILITY LfVEL,RUNOFF AC-FT, AND INCHES 
17.391 21G739 26.087 
17640 1914. 2272. 






dl. 11 't 
*" o 
FREQUENCY ANALYSIS FOR STATIONI0-1350 FOR A PERIOD OF 48 MONTHS (HARDSCRABBLE CREEK NEAR PORTERVILLE) 

























FREQUENCY ANALYSIS FOR STATIONI0-1350 FOR A PERIOD OF 72 MONTHS (HARDSCRABBLE CREEK NEAR PORTERVILLE) 
AV= 1.1968 VAR= .0496 STD= .2227 SKEW= -.0255 IN INCHES FOR GIVEN PERIOD 
HIGH INDEPENDENT FLOW SEQUENCES FOR 72 MONTHS PROBABILITY LEVEL, RUNOFF AC-FT,AND INCHES 
5.000 10.000 15.000 
2402. 1867. 1537. 
1.603 1.246 10026 
LOW INDEPENDENT ~LOW SEQUENCES FOR 72 MONTHS PROBABiLITY LEVEL, RUNOFF AC-FT, AND INCHES 
5.000 10.000 15.000 
1189. 17670 1857 • 
• 794 1.179 1.239 
FREQUENCY ANALYSIS FOR STATIONI0-1350 FOR A PERIOD OF 96 MONiHS (HARDSCRABBLE CREEK NEAR PORTERVIL~E) 
AV= 1.2158 VAR= ,,0380 STD= .1949 SKEW= -.3621 IN INCHES FOR GIVEN ~ERIOD 








96 MONTHS PROBABILITY LEVEL, RUNOFF AC-FT,AND INCHES 
96 MONTHS PROBABILITY LEVEL,RUNOFF AC-FT, AND INCHES 
~ .. 
• .. 
SUMMARY OFRESULr. *~R STATION (HAROSCRABRLE CREEK NEAR PORTERVILLE) 





MEAN MONTHLY RUNOFFpIN AC-FT, 
12 18 24 
2992 .. dJi8 3437094 2703062 
591.75 553.00 950087 
42- 659 AREA= 28010 S(~. r.H .. 
FOR THE FOLLOWING NUMBER OF CONSECUTIVE MONTHS 
30 .36 48 72 
2885003 2495.06 2483.44 2402.43 




HIGHEST MEAN MONTHLY YIELD,IN INCHES, FOR THE FOLLOWING NUMBER OF CONSECUTIVE MONTHS 
MONTH 12 18 24 30 36 48 72 
MAX. 1.9968 2.2940 108040 1.9251 106649 1.6571 . 1.6030 
MIN. 03949 .3690 06345 .5621 .6087 07323 .7935 




MONTH PROS LEVEL 1000 2000 5000 10.00 25.00 50.00 75.00 90.00 95000 98.00 99000 
12 AC-FT/MO. 2956.31 2943.65 2583092 2463 0 38 2177.33 1876058 1312021 847.97 746.84 636~86 599.31 
12 IN/MO~ 1~9726 1.9642 1Q7241 106437 1.4528 102522 08756 .5658 .4983 04250 .3999 
12 ACC o IN. 2306715 2305702 2006897 19.7246 17.4342 15.0260 10.5070 6.7898 5.9800 500994 407987 
18 AC-FT/MO. 3426036 3076$72 2900073 2713074 2218039 1708.11 1292.22 962059 750.37 637.69 576.40 
18 IN/MO. 202863 2.0530 109355 1.8108 104802 101398 .8622 Q6423 .5007 04255 03846 
18 ACC. INe 41.1529 3609535 34~8398 3205939 26.6443 20.5156 15.5205 11.5613 900124 7.6591 609230 
24 AC-FT/MO. 2702.26 2698.20 2475.21 2430.98 2146067 1816.71 1375085 1065071 978.15 959013 952.37 
24 IN/MOo 108031 1.8004 106516 106221 1.4324 1.2122 .9181 .7111 06527 .6400 .6355 
24 ACC~ IN. 4302747 4302096 3906386 3809303 34.3772 29.0932 22.0332 17.0665 15.6644 15.3597 15.2515 
30 AC-FT/MO. 2866.39 2832002 2670.93 2391~43 2101037 1773060 1353060 1032.93 969007 892.60 854078 
30 IN/MO. 109126 1.8897 107822 1.5957 1.4022 1.1835 .9032 .6892 06466 .5956 .5704 
30 ACCo INo 5703789 5606908 5304662 47~8712 42.0647 35~5036 27.0961 20.6770 19.3986 1708679 17.1108 
36 AC-FT/MO. 2491044 2488017 2470.51 2357092 ?Q57~36 1803092 1464043 1134.44 1086.06 923.17 915067 
36 IN/MO. 106624 106603 1.6485 1.5733 1.3728 1.2037 09772 .7570 .7247 .6160 .6110 
36 ACC. INQ 59.8477 59.7693 59.3449 5606403 49.4206 4303325 3501776 27.2509 2600887 2201757 21.9957 
48 AC-FT/MOo 2481.85 2480.37 2449084 2331.39 2046Q50 1782&56 1472098 1177011 1105.481100095 1098.85 
48 IN/MO. 106560 106550 1.6347 1.5556 103655 101894 .9829 .7854 07376 07346 07332 
48 ACC. IN. 7904897 7904423 78.4647 74.6708 65.5463 57009274701773 37.7010 35.4068 35G2617 35.1944 
72 AC-FT/MOo 2401.78 2400026 2352064 2269~97 2072.55 1841057 1449051 1295023 1262.42 1244 e38 1226031 
72 IN/MO. 106026 106016 105698 105147·103829102288 .9672 .8643 08424 ~8303 .8183 
72 ACC. IN. 115038811150315011300274109.0557 9905708 8804740 69.6383 6202263 6006502 5907833 5809155 
96 AC-FT/MO. 2264030 2263074 2252.66 2169094 2039076 1945093.1504031 1421079 1340.13 1319061 1318028 
96 ,IN/MO. 1.5109 105105 1.5031 104479. 1.3611 102984 1~0038 09487 08942 .8805 08796 
96 ACC. INo 145.0443145.008314402985138.9997130.660812406501 9603617 91e0758 8508445 8405301 84.4450 
~ 
~ 
STORAGE REQUIREMENTS. ft.~R,'!II'fiif.ATION 10-1350 0+:>-N 
EQUATION COEF. AT 1.00 PROBABILITY ARE A= 30156262 B= .877687 C= .000000 RECURRENCE YR= 23.6 
23 .. 483 43.148 61.590 79.281 96 .. 433 113.167 129.562 145.672 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/VR 20 .. 610 180935 18.019 17.396 16.928 16.554 16.245 15.982 
AMOUNT OF STORAGE IN INCHES IS -2.872 -5.278 -7.533 -9.697 -11.795 ~13.842 -15 .. 847 -17.818 
DISCHARGE(AC-FT)/YR) 30888 .. 28377. 27004. 26071. 25369. 24809. 24346. 23951. 
STORAGE(AC-FT), 
-4305. -7909. -11290. -14533. -17677. -207440 ":23750 .. -26703. 
EQUATION COEF. AT 2.00 PROBABILITY ARE A= 3.152727 B= .879477 C= .000000 RECURRENCE VR= 23.1 
23 .. 400 43.049 61.494 79.197 96 .. 370 113.130 '129.556 145 .. 700 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 20.580 18.930 18.027 17.413 16.951 16.583 16.277 16.017 
AMOUNT OF STORAGE iN INCHES IS -2.820 -5.188 -7.411 -9.545 -11.615 -13 .. 635 -15 .. 614 -17.560 
OISCHARGE(AC-FT)/YR) 30842. 28370. 27017. 26096. 25404. 24852. 24394 .. 24005. 
STORAGE(AC-FT), -4227. -7776. -11107. -14305. -17407. -20434. ":23401. -26317 .. 
EQUATION COEF. AT 5.00 PROBABILITY ARE A= 3 .. 037036 B= .940916 C= .000000 RECURRENCE YR= 21.8 
20.843 400014 58.600 76.817 94.763 1120497 1300057 147.469 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 19.612 18.825 180379 18.070 17.833 17.642 17.482 17.344 
AMOUNT QF STORAGE IN INCHES IS -1.232 -2.364 -3.462 -4.539 -5.599 -6.647 -70684 -8.713 
DISCHARGE(AC-FT)/YR) 29392. 28212. 27544. 27080. 267250 26439. 26199. 25994. 
STORAGE(AC-FT), 
-1846. -3543. -5189. -6802. -8391. -9961. -11516 .. -13058. 
EQUATION COEF. AT 10.00 PROBABILITY ARE A= 2.997025 B= .. 941608 C= .000000 RECURRENCE YR= 19.6 
20 0026 38.463 56 .. 345 73.875 91.148 108.:219 125 .. 124 141.889 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 18,,857 18.109 17.685 17.390 17.165 16.983 16.831 16.700 
AMOUNT OF STORAGE IN INCHES IS -1.169 ":2 .. 246 ... 3.290 -40314 -5.322 "'fl.319 -7 .. 306 -8.285 






STORAGE(AC-FT) v -1752,. ":33660 -4931. -6465. -7976. -9470. -10950. -12417. 
EQUATION COEF" AT 25.00 PROBABILITY ARE A= 2.854724 B= .968057 C= .000000 RECURRENCE YR= 13 .. 0 
17.370 33.979 50.312 66.469 82.496 98.420 114.260 130 .. 027 
NUMBER OF YEARS IN MEAN IS 1 2 :3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 16 .. 815 16,,447 16.235 16.086 15 .. 972 15.879 150801 15.734 
AMOUNT OF STORAGE IN I~CHES IS -.555 -10085 -10607 -2.123 -2.635 -3.144 -3 .. 650 -4.153 
DISCHARGE(AC-FT)/YR) 25200 .. 24648. 24331. 24108. 23937. 23798 .. 23681. 23580. 
STORAGE(AC-FT), -832. -1627 .. -2409. -3182. -3949. -4712& -5470 .. -6225. 
EQUATION COEF. AT 50~OO ~ROBABILITY ARE A= 20680245 B= 1.010123 C= .000000 RECURRENCE YR= 2.0 
14 ... 589 29 .. 383 440255 59.179 74 .. 142 89.134 104.152 119.192 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCH~RGE IN INCHES/YR 14.736 14,,840 14,,901 14.945 14.978 15 .. 006 150030 15 .. 050 
AMOUNT OF STORAGE IN INCHES IS .148 .297 0448 .599 0751 ,,902 1,,054 1.207 
DISCHARGE(AC-FT)/YR) 22085.0 22240" 223320 22397. 22448" 224890 22524" 22555. 
STORAGE(AC-FT), 221. 446. 671., 898. 1125. 1352. 1580. 1808 .. 
EQUATION COEF .. AT 75.00 PROBABILITY ARE A= 2.363678 B= 1.062278 C= ,,000000 RECURRENCE YR= 13.0 
10 .. 630 220198 34.148 46,,354 58 .. 753 71.309 830997 96 .. 798 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 110292 110790 12.092 12.310 120482 120625 12 .. 747 12.853 
AMOUNT OF STORAGE IN INCHES IS .662 10382 20127 2.887 3.659 4.441 5 .. 231 6 .. 028 
PER.MEAN 50000 IN. 7023 STOR .. -30399 -70736 -12 .. 456 -17 0 431 -22.,600 -270925 -330382 -380952 
10836. AC-FT -5094. -11594" -18668" -26124. -33870. -418500 -50028" -58377. 
PERoMEAN 65000 IN .. 9 .. 40 STORe -10230 -30398 -50949 -8,,755 -11.754 -140910 -180197 -210599 
14081" AC-FT -18440 -5093" -89150 -131200 -17615. -22345" -27272 .. ":323690 
PER.MEAN 80 000 IN. 11057 STOR .. 0939 0940 055.9 - ... 078 - .. 908 -1.,895 -30013 -40245 
17338" AC-FT 1407 .. 14090 838 .. -1160 -1361. "'l'28.40" -45150 -63620 
PER.MEAN 95.00 IN. 13074 STOR .. 3 .. 108 50279 7 .. 067 8.599 9.,938 11 .. 121 12 .. 171 13 .. 109 
205890 AC-FT 46580 7'911 .. 10.5.91. 12887'0 14894 .. 16666<> 182410 196450 
PER.MEAN110000 INc 15091 STOR. 50278 9.617 130574 170276 200784 240136 270356 30,,462 
238400 AC-FT 79090 14413 .. 20343. 25891 .. 31148" 361710 409970 45653 0 
DISCHARGE(AC-FT)/YR) 16923. 17669. 181210 18449. 18707. 189210 19103~ 192630 





EQUATION COEF. AT 90.09~PROBARILITY ARE A= 1.940048 B= 1.232682 C= .000000 RECURRENCE YR= 19.6 
6.959 160354 26.958 38.433 50.601 63.353 76.611 90.318 
NUMBER OF YEARS IN MEAN IS 
RATE OF DISCHARGE IN INCHES/YR 
AMOUNT OF STORAGE IN INCHES IS 
PER.MEAN 50.00 IN. 7.23 STORe 
10836. AC-FT 
PER.MEAN 65.00 IN. 9.40 STORe 
14087. AC-FT 
PER.MEAN 80.00 IN. 11.57STOR. 
17338. AC-FT 
PER.MEAN 95.00 IN. 13.74 STORe 
20589. AC-FT 





8 .. 578 













[OUATI COEF. AT 95.00 PRORABILITY 
6.216 
NUMBER OF YEARS IN MEAN IS 
RATE OF DISCHARGE IN INCHES/YR 
AMOUNT OF STORAGE IN INCHES IS 
PER. MEAN 50.00 IN. 7.23 STOR .. 
10836. AC-FT 
PER.MEAN 65.00 IN. 9.40 STORe 
14087. AC-FT 
PER.MEAN 80.00 IN. 11.57 STORe 
17338. AC-FT 
PER.MEAN 95.00 IN. 13.74 STORe 
20589. AC-FT 




























































































































A= 1.827075 8= 1.271543 C= .oooono RECURRENCE YR= 21.8 











































































































EQUATION COEF. AT 98.00 PROBABILITY ARE A= 1.688432 B= 1.33629q C= .oonooo RECURRENCE YR= 23.1 





,I~ I, , 
(I e> .. • (. .... 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 7.231 9,.129 100462 11. 525 12,,423 13.209 130912 14.551 
AMOUNT OF STORAGE IN INCHES IS 10820 4.595 7.899 11. 602 15.633 190945 24",508 29 .. 295 
PER.MEAN 50.00 IN. 702~ STORe 10820 0798 -1.796 -5.576 -100331 -150925 -220260 -290266 
10836. AC-FT 2727. 1197. -26920 -8357. -15483. -23866. -33361. -43860. 
PER.MEAN 65.00 IN. 9.40 STORe 3,,989 50137 40711 3.100 0515 -20910 -7 .. 076 -11.912 
140810 AC-FT 5978. 7698. 70610 46460 771. -43600 -106050 -17853. 
PER.MEAN 80.00 IN. 11057 STORe 6,,158 9,,475 110219 11,,777 110361 100106 8.108 5.441 
17338 .. AC-FT 9229" 14200. 16813. 17650. 17026. 15145" 12152. 8155. 
PER.MEAN 95.00 IN. 13074 STORe 8,,327 130814 17,,726 20,,454 22.207 23.121 230293 220795 
205890 AC-FT 12480 .. 20702 .. 26566. 30654. 33281. 346510 349080 34162. 
PER.MEANI10.00 IN" 15.91 STORo 10.497 18 .. 152 240234 29.131 33.053 360136 380477 40.149 
238400 AC-FT 157310 27204. 363190 43657. 49535. 541560 576640 601690 
DISCHARGE(AC-FT)/YR) 10836. 13681. 156800 17273. 18619. 19796. 20849. 21807. 
STORAGE(AC-FT), 2727. 68860 11838. 17388. 23428. 298920 367290 43904 0 
EQUATION COEF. AT 99.00 PROBABILITY ARE A= 10646121 B= 1.359044 C= .000000 RECURRENCE YR= 2306 
5,,187 130305 230085 34.129 46.220 590217 730017 87 .. 547 
NUMBER OF YEARS IN MEAN IS 1 2 3 4 5 6 7 8 
RATE OF DISCHARGE IN INCHES/YR 70049 9.041 100458 11.596 120563 130413 140176 14.872 
AMOUNT OF STORAGE IN INCHES IS 10862 4.777 80289 12.254 160595 210261 26,,216 310433 
PER.MEAN 50.00 IN .. 7,,23 STORe 20044 1.156 -1 .. 393 ~5,,207 -100067 -15.832 -220403 -29.701 
l08J60 AC-FT 3063. 17330 .,..20880 -7803. -15087. -237280 -335740 -445120 
PER.MEAN 65000 IN. 9040 STORo 40213 50495 50115 30470 0779 -20817 -70218 -120348 
140870 AC-FT 63140 82350 76650 5201. 11680 -42220 -108180 -18505. 
PERoMEAN 80000 lN6 11.57 STORe 6 .. 382 9,.833 110622 12.147 110625 10.198 70966 5.006 
173380 AC-FT 95650 14737. 174180 18204. 174220 152830 119390 75020 
PER.MEAN 95.00 IN. 13,,74 STORe 80551 140172 180130 20.824 220471 230213 230151 22.360 
20589. AC-FT 128160 212380 271710 31208. 33677. 347890 34695. 33510 0 
PER.MEANI10000 IN. 15091 STORe 100721 180510 240637 290501 330317 360228 380335 390713 
23840. AC-FT 160670 277400 369230 442120 49931. 542940 57451 .. 59517. 
DISCHARGE(AC-FT)/YR) 105640 135490 156730 17378" 18828. 201020 212450 222890 
STORAGE(AC-FT), 2791. 71590 12422. 18365. 248700 31864. 392900 471080 
~ 
U"1 
